Heterologously expressed mutant Na channels exhibited a negative shift of steady-state inactivation (9.2 mV) and enhanced slow inactivation, suggesting that this individual harbors a subclinical channel dysfunction compatible with symptomatic Brugada syndrome.
INTRODUCTION
The Brugada syndrome is a primary electrical disorder without underlying structural heart diseases characterized by the coved-type or saddle back-type ST elevation in the right precordial leads 1, 2 . It predisposes affected individuals to ventricular fibrillation (VF), and patients with aborted sudden cardiac death are candidates for implantation of a defibrillator because of a high risk of recurrent ventricular arrhythmias. Mutations in the cardiac Na channel α subunit gene (SCN5A) are identified in some patients with the Brugada syndrome, and heterologously expressed mutant Na channels exhibit biophysical abnormalities resulting in reduced cardiac Na current 3 .
Sudden unexplained nocturnal death syndrome (SUNDS) is one of the leading causes of sudden death in young or middle-aged men in Japan and Southeast Asian countries.
Although SUNDS is recognized as phenotypically and genetically equivalent to the Brugada syndrome 4 , its electrocardiographic manifestations, especially among those with sudden death as the first event, are often uncertain unless they have a strong family history or have been resuscitated from sudden death. Recent studies have revealed that the prevalence of a Brugada-type ECG is 0.1-0.7% in the general population in Asia and other countries [5] [6] [7] .
However, the pathophysiology, prognosis, and the therapeutic approaches in asymptomatic . A very low rate of arrhythmic events in this patient group has been confirmed by multiple recent and larger-scale studies 7, [10] [11] [12] [13] . In one study of 14,000 individuals in Japan, the mortality rate of 98 subjects with a Brugada sign was not higher than the rest of the cohort 7 . Despite the discrepancy in prognosis among different studies, there is evidence that some asymptomatic individuals with a Brugada-type ECG tend to die suddenly during sleep, a clinical observation characteristic of SUNDS, suggesting that SUNDS may underlie at least a part of Brugada-type ECG.
In the present study, we have clinically evaluated and genetically analyzed 30 asymptomatic individuals with a Brugada-type ECG who lacked a family history of the Brugada syndrome to eliminate individuals with an apparent genetic background.
Twenty-nine of 30 patients remain asymptomatic during the follow-up period with the exception of one case of sudden death. In this case, the victim had a family history of sudden death (not the Brugada syndrome). We found a double SCN5A mutation in another asymptomatic subject without family history of sudden death that exhibited Na channel VF was induced from the right ventricular apex or right ventricular outflow tract.
Genetic screening of SCN5A
Genomic DNA was extracted from peripheral blood by using PURGEGE DNA isolation kit (Gentra Systems). The SCN5A exons and flanking introns were amplified by PCR as previously described 14 . (Table 1) Thirty asymptomatic probands with Brugada-type ECG (male 29, female 1; mean age 47.1 ± 9.5 years (mean ± SD), ranging 28 -68) were enrolled. Family history of unexplained sudden death (but not Brugada syndrome) was documented in 2 individuals. (case #2).
Results

Clinical characteristics of the patients
Case #1.
A 43-year-old Japanese man who was pointed out as Brugada-type ECG at a regular medical check up. He had no history of syncope or palpitation. His father had died suddenly of acute myocardial infarction at the fourth decade of life, but his clinical record is not available. Twelve-lead ECG showed coved-type ST elevation in V 1-3 ( Fig. 1A) . Chest X-ray and echocardiography were normal. The patient accepted genetic testing but declined further examinations including PES or drug provocation tests. Two years later in the morning, he was found dead in bed. No SCN5A mutation was found in this case.
Case #2.
A 60-year-old Japanese man. Coved-type ST elevation in V 1-3 was indicated at the preoperative ECG check-up when he was 55 years old. He had no palpitation, syncope, nor family history of sudden death. He was admitted to the hospital for further examinations.
Coved-type ST elevation was evident in V 1-3 ( Fig 1B) . Structural heart diseases were excluded by chest X-ray and echocardiography. Late potentials by signal-averaged ECG were positive (filtered QRS=119 ms, under 40 μV duration= 57 ms, RMS 40 = 5.5 μV), and intravenous administration of 50 mg flecainide augmented ST elevation in V 1-3 . VF was induced by double extra stimulations at the right ventricular outflow tract. He was advised for implantation of an ICD, but he declined it. He has been free from symptoms for 3 years.
Genetic analysis of the case #2
PCR-SSCP analysis showed an aberrant conformer in exon 27 of case #2 (Fig 2A) . 
Biophysical properties of the double mutant channel
Whole-cell Na currents of the K1527R+A1569P mutant channel heterologously expressed in tsA-201 cells showed current decay nearly indistinguishable from WT ( Fig 3A) .
Persistent Na current, a biophysical property most commonly observed in mutant Na channels responsible for type-3 long QT syndrome (LQT3) 17 , was not evident in the mutant channel.
Conductance-voltage (GV) curve showed that the slope factor k of the mutant channel was significantly larger than that of WT (WT: 5.3 ± 0.3 mV, n=9; K1527R+A1569P: 7.8 ± 0.8 mV, n=8; p<0.01), whereas the voltages for the half maximal conductance (V 1/2 ) were comparable (WT: -49.8 ± 1.3 mV, K1527R+A1569P: -45.8 ± 1.6 mV; NS) ( Fig 3B) . The . In contrast to the refined pathophysiology underlying the Brugada syndrome, it is still unclear whether the Brugada-type ECG is an electrocardiographic entity distinct from the Brugada syndrome, or whether it constitutes an asymptomatic subgroup of the Brugada syndrome sharing the same molecular and cellular abnormalities due to genetic defects in SCN5A.
In this study, we genetically screened 30 asymptomatic probands who showed a Brugada-type ECG without a family history of the disease, and identified a double SCN5A mutation, K1527R+A1569P. This mutation is not only a novel SCN5A mutation associated for the discrepancy between studies is not clear, but it may be attributable in part to the enrollment of asymptomatic individuals with a family history of the Brugada syndrome.
Genetic screening of SCN5A is the most powerful diagnostic tool for the Brugada syndrome, especially for screening individuals within a family of a proband with an identified mutation. Demonstration of a novel mutation K1527R+A1569P in our study suggests that genetic defects of SCN5A are at least partially responsible for a Brugada-type ECG in asymptomatic as well as symptomatic individuals. It is true that identification of a new mutation in a sporadic case is sometimes equivocal, and the existence of SCN5A mutations is not regarded as a reliable predicting value in the Brugada syndrome because of its substantially low sensitivity and specificity to identify patients with cardiac arrest 12 . However, it is plausible to speculate that functional evaluation of the SCN5A mutations may help to substantiate their pathophysiological relevance, which in turn may help stratify the risk of sudden death. Because the double mutant channel showed a negative shift of the steady-state inactivation curve and an increased proportion of Na channels that enter an intermediate state of inactivation, there is a reduction in cardiac Na current, which is characteristic of SCN5A mutations in those with symptomatic Brugada syndrome 18, 28 . These results suggest that asymptomatic individuals with "functionally proven" SCN5A mutations with loss-of-function properties should be carefully followed to avoid lethal events as was observed in the SUNDS . These results suggest that the clinical consequence of the some SCN5A mutations are occasionally determined in individual-specific or branch-specific manners, rather than mutation-specific manner. Based on these observations, it is speculated that the severe functional defects of the double 削除: /
